Antibiotic-resistant Proteus rettgeri and Providencia stuartii have been shown in recent years to be the causes of serious nosocomial disease (7, 11, 15, (23) (24) (25) . Numerous serologically different strains occur among these species and, in our laboratory, the number of 0-specificities had been noted to increase as isolates from different sources were examined. The use of immunotherapy for protection against these bacteria has not been investigated as has been the case for Pseudomonas aeruginosa (1-3, 5, 9, 10, 12) . Previous studies on P. rettgeri and P. stuartii have shown considerable differences in virulence among strains (7, 23, 24) , but relationships between virulence and the 0 antigens were not demonstrated. Since schemes for discriminating among strains of these proteeae have been described (20, 21) , further studies on their virulence and the mechanisms of immunity to these bacteria were clearly indicated. The present communication is concerned with initial experiments designed to examine the production of immunity in mice through active and passive protection tests by using virulent, serologically unrelated strains of P. alcalifaciens, P. stuartii, and P. rettgeri.
MATERIALS AND METHODS
Selection of mouse-virulent bacterial strains. Eighty-four type strains of the P. rettgeri and 63 of the Providencia 0-serotyping schemes (20, 21) (19, 21) . Autoclaved cell suspensions of each strain agglutinated in homologous but not in heterologous typing antisera when tested by slide agglutination. Homologous reactions, but no cross-reactions, occurred at titers of 1:40 or greater when typing antisera and six mouse antisera prepared against the six strains were cross-titrated by the passive hemagglutination (PHA) technique in which supernatant from autoclaved cell suspensions was used to sensitize sheep erythrocytes. In cross-titrations of rabbit and mouse antisera by the microtiter method of agglutination of Formalin-treated bacterial suspensions, as described previously (18) (20, 21) . Biotypes of Providencia and P. rettgeri as previously described (19, 21) . mice, the 50% lethal dose (LD50) ( Antisera. Typing antisera were produced in rabbits against Formalin-treated bacterial suspensions by procedures reported previously (18, 21) . Mouse antisera were prepared in Swiss White mice through i.p. injection of Formalin-treated cells in five doses, increasing from 2.5 x 105 to 7.5 x 106 cells and harvested by displac"ement of the eye from the retro-orbital plexus.
Antisera from five mice were pooled.
Challenge doses. From an overnight growth (at 37°C) of bacteria in 5 ml of TSB, 0.01 ml was transferred to 10 ml of TSB and incubated at 37°C for 4 h. Growth from this culture was diluted in TSB with 5% hog gastric mucin to produce cell concentrations as determined in previous experiments to be equivalent to 100 LD50. Viable cell counts of the suspensions were confirmed by dilution plate counts by the method of Miles and Misra (17) .
RESULTS
Protection of mice against homologous and heterologous lethal challenges of P.
alcalifaciens, P. stuartii, and P. rettgeri bacteria by active immunization. One P. alcalifaciens strain (018), one P. stuartii strain (055), and two P. rettgeri strains (05 and 052) were selected for use in experiments to determine the degree of protection provided in mice through active immunization. Each mouse was immunized and challenged by the procedures described above. It was found that all mice challenged with homologous cell suspensions survived and, of the mice challenged with heterologous suspensions, all but three survived. All mice that received saline without the immunogen died (Table 2) . Similar results were obtained in a separate experiment with P. stuartii 024, P. stuartii 055, and P. rettgeri 041 strains. All mice survived except one that was immunized with P. stuartii 055 and challenged with P. rettgeri 041.
The high degree of cross-protection observed in these experiments was unexpected because the strains had been selected on the basis of their biochemical and serological unrelatedness.
However, it was conceivable that the strains were of one immunotype since they were initially selected on the basis of their virulence in mice.
It was the cross-protective activity among these otherwise unrelated strains that prompted further investigation by passive protection experiments.
Passive protection of mice with immune rabbit antisera against homologous and heterologous challenges of P. alcalifaciens, This passive cross-protection was studied further in three experiments similar in design to the one above but with antisera that had been absorbed with homologous bacterial cell suspensions. When antisera were absorbed with suspensions heated at 600C for 1 h, passive protection experiments showed neither homologous nor heterologous protection. Of the 80 mice that received antiserum, only 1 survived.
In the next experiment the antisera were absorbed with homologous cell suspensions that had been subjected to flowing steam (95 to 9800) for 1 h. Again, only 1 of the 80 mice survived in the passive protection experiments.
When antisera were absorbed with cell suspensions that had been autoclaved (1210C) for 1 h, the passive protection experiments showed, as described above, that the absorptions had virtually abolished cross-protective activity (Table 4). Furthermore, homologous protective activity was also abolished as in two preceding experiments except that, in this experiment, the autoclaved cells failed to remove homologous protective activity of the 055 antiserum. Evidently, cross-protective activity of the unabsorbed immune rabbit antisera was mediated by antibody removable by absorptions with homologous suspensions of heat-treated bacteria. This indicated that the antibody binding property of the bacterial factor associated with protective activity was thermostable to at least 1210C for 1 h. In addition, a factor borne by the P. stuartii 055 strain and apparently associated with homologous protective activity appeared to be stable in its antibody binding capacity at 95 to 980C, but labile at 121°C. DISCUSSION The mechanisms of immunity to P. rettgeri and Providencia bacteria are not well known. Schemes for discriminating among strains of VOL. 20, 1978 on September 26, 2017 by guest http://iai.asm.org/ Downloaded from these groups on the basis of 0 antigens have recently been described (20, 21) , and the design of the experiments to investigate type-specific and cross-protective immunity was based on these schemes. Type-specific protection was observed but, contrary to expectations, high levels of cross-protective activity were also observed among a set of unrelated strains in both active and passive protection experiments. Protection provided through active immunization, presumably due to both humoral and cell-mediated immunity, was greater than that provided through passive administration of type-specific antiserum, although higher doses would likely have given higher levels of protection.
Since the bacterial strains were unrelated in antigenic components detectable by basic immunological techniques, the familiar gram-negative 0 and K antigens could be excluded as mediators of the observed cross-protection. Evidence was obtained to show that the strains possessed enterobacterial common antigen, but anti-enterobacterial common antigen antibodies were not involved in cross-protection because antibody of this specificity was not detected in either the rabbit antisera used in passive protection or in mouse antisera raised against the strains. A significant role in cross-protection by nonspecific antibody arising from mitogenic activity of endotoxin on B-cells was discounted because of the high levels of observed protection and because cross-protective activity was readily removable by specific absorption. Evidently, the strains were related through a protective common antigen thermostable to 1210C and not detectable in agglutination reactions. Previous reports have associated the core polysaccharide of Enterobacteriaceae (6, 16) and thermostable protein (1, 4) with cross-protective activity.
It is expected that further use of the particular strains described in this study will serve toward defining the antigens involved in protective activity among P. rettgeri and Providencia.
